Introduction
The two main societies clinically dealing with idiopathic scoliosis are the Scoliosis Research Society (SRS), founded in 1966, and the international Society on Scoliosis Orthopedic and Rehabilitation Treatment (SOSORT), started in 2004. Inside the SRS, the Non-Operative Management Committee (SRS-NOC) has the same clinical interest of SOSORT, that is the Orthopaedic and Rehabilitation (or Non-Operative, or conservative) Management of idiopathic scoliosis patients.
SOSORT, after verifying the gradual reduction of scientific research in the area of the so-called non-operative treatment [1, 2] , started producing Consensuses with the aim of reaching a minimum agreement among scientists and clinicians engaged in the field [3] [4] [5] [6] [7] [8] [9] [10] [11] . In this respect, in 2011 SOSORT published the Clinical Guidelines that offer a general framework of reference to clinicians treating patients with idiopathic scoliosis [12] .
The SRS Non-Operative Management Committee (SRS-NOC) published in 2005 the SRS Criteria for Bracing Studies that constitute the first effort to define precise criteria for conservative treatment research [13] . After this development, a series of papers have been produced respecting these inclusion criteria [14] [15] [16] [17] [18] [19] . Also a randomized clinical trial in Bracing Adolescent Scoliosis Trial (BrAIST Study) has been planned accordingly [20] , although the inclusion criteria had to be enlarged to aide in recruitment [20, 21] . The main strength of the SRS criteria is to focus research on the most important population of patients at risk for progression to a surgical level of treatment. Conversely, the strict inclusion criteria squelched research efforts on non-operative treatment of scoliosis in other populations of patients. Scientific journals abiding to the SRS criteria would not accept manuscript for publication on other populations limiting advancement of knowledge in those areas. In addition, clinicians restricting their treatment regimens to patients within these inclusion criteria run the risk of failing to offer treatment to some patients.
Since the 2nd SOSORT Meeting in Boston 2007, the SRS Presidents have been invited speakers by SOSORT to start collaboration between the two Societies. In the 48th SRS Meeting in Lyon 2013, the SRS-NOC and SOSORT had the first combined educational Meeting on the Non-Operative management of IS. On this occasion it was decided to create a Committee to prepare the first joint SOSORT-SRS Consensus, with the aim to guide future research in the treatment of IS.
The aim of this paper is to present the results of a Consensus among the best experts of non-operative treatment of Idiopathic Scoliosis, as represented by SOSORT and SRS, on the recommendation for research studies on treatment of IS. The goal of the consensus statement is to establish a framework for research with clearly delineated inclusion criteria, methodologies, and outcome measures so that future meta-analysis or comparative studies could occur.
Methods

Design
A Delphi method was used to generate a consensus to develop a set of recommendations for clinical studies on treatment of Idiopathic Scoliosis. It included the development of a reference scheme, which was judged during two Delphi Rounds; after this first phase, it was decided to develop the recommendations and 4 other Delphi Rounds followed. The process finished with a Consensus Meeting, that was held during the SOSORT Meeting in Wiesbaden, 8-10 May 2014, moderated by the Presidents of SOSORT (JP O'Brien) and SRS (SD Glassman) and by the Chairs of the involved Committees (SOSORT Consensus Committee: S Negrini; SRS Non-Operative Committee: MT Hresko) . The Boards of the SRS and SOSORT formally accepted the final recommendations.
Participants
The participants were the two main scientific Societies dealing with scoliosis: SOSORT through the Executive Committee and the Advisory Board (SOSORT Boards), its members and the participants at their 2014 Annual Meeting; the SRS through the Non-Operative Management Committee, and the members who participated at the Consensus Meeting during the 2014 SOSORT Annual Meeting in Wiesbaden, 8-10 May 2014.
The Delphi consensus procedure First reference scheme
The main idea behind the first reference scheme for research studies was to solicit authors to focus on meaningful clinical populations while writing their papers. This did not mean that that they should limit their studies to these groups of patients: while producing data with different groupings, the idea was to require them to report their data according to this specific reference scheme, to facilitate future meta-analysis and pooling of data.
Recommendations
After the first two Delphi Rounds, it was clear that it was not possible to reach any Consensus about the reference scheme. Nevertheless, according to the suggestions received, and the previous discussions inside the SOSORT and with the Chair of the SRS Non-Operative Committee, it was possible to develop a series of recommendations that were submitted to the Delphi Consensus procedure.
Delphi process
The Consensus procedure followed the Delphi principles [22] . All stages have been be coordinated by the main author (S Negrini), Chair of the SOSORT Consensus Committee, in strict collaboration with a Joint SOSORT-SRS Commission (JSSC) involving another member nominated by the SOSORT Board (JP O'Brien) and two members nominated by the SRS (T Hresko, N Price); in some phases also the SRS President (SD Glassman) has been involved.
The procedure included 8 Rounds. Documents distributed among the participants to the Delphi process were drafted by the first author (SN), and reviewed and approved by the JSSC. Table 1 reports the details of each  single Delphi Round (Additional files 1 , 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16) . SOSORT Boards include the Executive Committee and the Advisory Board.
Agreement and importance of the recommendations
The SSJC decided to rate the recommendations according to the agreement reached at each stage and the importance defined by the participants at the Delphi procedure.
Definitions of Agreement reached for recommendations are reported in Table 2 . The answers to the questions were mutually exclusive (Yes/No): if a recommendation did not reach at least 80% of Agreement it was rejected and not considered any more.
Definitions of the importance of recommendations are reported in Table 3 . Importance of the Recommendation was defined using a 5 point Likert scale: 1-Very Low; 2-Low; 3-Medium; 4-High; 5-Very High.
Results
The number of responders to each Delphi Round is listed in Table 4 , with their gender and profession; the rate of responders per group involved is reported in Table 5 . All persons who participated at the Consensus and gave consent to be cited are listed in Table 6 .
Details on the results on each single Round can be found in Attachment 16.
Recommendations for research studies on treatment of idiopathic scoliosis Research needs 1. We recommend ongoing high quality research and development focused on innovative non operative treatments for scoliosis and related spinal deformities (B2) 2. We recommend that indications and contraindications for non-operative approaches are continuously researched by high quality studies (B2) Clinically significant outcomes 4. We recommend that prognostic factors for consequences of the deformity in adulthood on primary patient-centred outcomes (such as aesthetics, deformity progression, disability, pain and quality of life) are continuously researched and better defined by high quality studies (A2) 5. We recommend to systematically report in clinical studies the primary patient-centred (such as aesthetics, disability, pain and quality of life), and the secondary predictive (such as clinical, radiological and topographic data) outcomes of treatment approaches (B2) 6. We recommend that non-operative clinics should focus primarily on clinical outcomes relevant to patients (such as aesthetics, disability, pain and quality of life), and secondarily on predictive outcomes (such as radiographic and topographic data). Clinical, radiological and topographic parameters must be all taken into account for clinical decisions (D2) 7. We recommend to report research results in the clinically significant terms of number of patients at start and end of treatment exceeding 10°, 30°and 50°Cobb: epidemiology recognises these as risk thresholds for possible health consequences in adulthood like back pain and curve progression [3, 12, 20, 21, [23] [24] [25] [26] [27] . In everyday clinics, the importance of these thresholds should be defined case by case in front of single patients according to many parameters other than Cobb degrees (C2)
Radiographic outcomes
8. We recommend that radiographic research outcomes are presented in terms of number of patients improved (6°or more), unchanged (+/−5°) and progressed (6°or more) (C2) 9. We recommend the adoption of the "Risser+"
staging. This is the result of the confluence between the original US Risser staging, and the so-called European version of Risser staging as modified by Stagnara [28] [29] [30] . Fusion of the tri-radiate cartilage has also been added, as it has been shown to be an important and prognostic subdivision of Risser staging 0. (D2) (NOTE: The SRS and SOSORT propose this Consensus Recommendation for further studies of repeatability of the Risser + test proposal before certifying its validity. The main authors are engaged to perform this study. As soon as this study will be performed, the SRS and SOSORT will check it for final approval of the Recommendation) 
Discussion
In this section we summarize the recommendations in the light of the discussion amongst the participants to the Delphi procedure and the Consensus session.
Research needs
The first three recommendations have been grouped under the title "research needs", since they all focus on what and how research should be performed in the near futur.. After a long period in which research on conservative treatment of IS continuously decreased [1] , the situation changed in the last 10 years [2] : SOSORT was founded in 2004, and can be a cause or an effect of this change. Since the Cochrane reviews that painted the situation only a few years ago, (2009 for bracing [32, 33] , 2011 for exercising [34, 35] ), RCTs published in the literature showed the effectiveness of bracing [21, 36] and also of scoliosis specific exercises [37, 38] . Nevertheless, there is a strong need to continue this research, and these recommendations focus specifically on this point: they stress the need for innovations (new nonoperative treatments), for searching the correct indications and contraindications. These three recommendations also stress the need for high quality studies, and not simply studies with low level of evidence.
1. We recommend ongoing high quality research and development focused on innovative non operative treatments for scoliosis and related spinal deformities (B2) 2. We recommend that indications and contraindications for non-operative approaches are continuously researched by high quality studies (B2) 3. We recommend that risks and benefits of nonoperative treatments be continuously researched by high quality studies (B2)
Clinically significant outcomes
The Cochrane Institute and modern epidemiology stress the need to focus on primary outcomes, the patient centered results, those that really change the life of patients [32, 34] . In this perspective, secondary or surrogate outcomes are the biological parameters that predict the primary outcome, but are not directly and immediately connected to the life of patients. In scoliosis research, examples of primary outcomes are Quality of Life, back pain, disability, pulmonary disorders; and progression to surgical treatment. Examples of secondary outcomes are radiographic angles like the Cobb degrees or pelvis parameter, or surface measurements like the Angle of Trunk Rotation (ATR). This set of recommendations should focus the attention of researchers on primary outcomes, since generally speaking most of the published research is focused on Cobb degrees and other secondary outcomes [3, 12] . Nevertheless, since scoliosis treatment during growth is mainly prevention of primary outcomes that will happen in adulthood due to the deformity gradually developed before bone maturity, it must be recognised that secondary outcomes are crucial. In this perspective, it is also recommended to focus research on the real prognostic value of these secondary outcomes for consequences in adulthood in terms of primary outcomes.
We recommend that prognostic factors for
consequences of the deformity in adulthood on primary patient-centred outcomes (such as aesthetics, deformity progression, disability, pain and quality of life) are continuously researched and better defined by high quality studies (A2) 5. We recommend to systematically report in clinical studies the primary patient-centred (such as aesthetics, disability, pain and quality of life), and the secondary predictive (such as clinical, radiological and topographic data) outcomes of non-operative approaches (B2) 6. We recommend that non-operative clinics should focus primarily on clinical outcomes relevant to patients (such as aesthetics, disability, pain and quality of life), and secondarily on predictive outcomes (such as radiographic and topographic data). Clinical, radiological and topographic parameters must be all taken into account for clinical decisions (D2) 7. We recommend to report research results in the clinically significant terms of number of patients at start and end of treatment exceeding 10°, 30°and 50°Cobb Angle as epidemiology recognises these as risk thresholds for possible health consequences in adulthood like back pain and curve progression [3, 12, 20, 21, [23] [24] [25] [26] [27] . In everyday clinics, the importance of these thresholds should be defined case by case based on individual patients according to many parameters other than Cobb degrees (C2)
The three thresholds reported have been quite discussed, specifically the 30°Cobb limit. In fact, concerns have been raised about focusing clinicians on this threshold, beyond the classical 50°used by surgeons [20, 21, 39] . Nevertheless, it must be recognised that the 30°limit has been reported as the boundary before which rarely there are health consequences in adulthood, like back pain or deformity progression. This makes this threshold particularly important for non-operative treatment that should Table 6 Professionals who participated at the Consensus and gave consent to be cited (Continued) aim at possibly maintaining patients below the limit significant for health. Another concern about these thresholds was the fear of focusing clinicians mainly on Cobb degrees rather than on other parameters. Each patient is an individual, clinical decision must be made on a case by case basis for each patient.
Radiographic outcomes
8. We recommend that radiographic research outcomes are presented in terms of number of patients improved (6°or more), unchanged (+/−5°) and progressed (6°or more) (C2)
For some years, it has been emphasized within the SOSORT community that there is the possibility to improve patients with conservative treatment [8, 12, 40] . For this reason, the classical SRS outcome criteria [13] were perceived as inadequate since they did not allow a description of cases where improvement was achieved. Therefore, while maintaining the classical 5°Cobb threshold to describe a clinically meaningful variation [41] , it was decided to add a descriptor of improvement to stability and progression of deformity.
9. We recommend the adoption of the "Risser+" staging. This is the result of the confluence between the original US Risser staging, and the so-called European version of Risser staging as modified by Stagnara [28] [29] [30] . It has been added also the tri-radiate cartilage fusion, that has been shown to be an important and prognostic subdivision of Risser staging 0. (D2) (NOTE:
The SRS and SOSORT propose this Recommendation come out as a result of the Consensus for further studies of repeatability of the Risser + test proposal before certifying its validity. The main authors are engaged to perform this study. As soon as this study will be performed, the SRS and SOSORT will check it for final approval of the Recommendation) The Risser + staging was an idea that came out during discussion when the importance of other radiographic signs like the tri-radiate cartilage was considered [30, 42, 43] . Many researchers in the SOSORT community use the so-called European Risser sign [28] [29] [30] that is born from a reported by Stagnara, a variation of the original Risser sign (here called US Risser sign). The consequence is that in many studies there is no clear definition of which Risser sign is considered. Unifying all these data coming from the pelvis evaluation was felt to be the first step toward a solution of these discrepancies. Obviously, the already well reported limited value of the Risser sign in describing bone growth and maturity [44] [45] [46] is recognised. But the reality remains that most of the studies, even the best ones [13] , continue to use this sign since it is readily available in the same x-ray of the spine, without added exposure. The Risser + is simply defined as the convergence of the US and European Risser, adding the tri-radiate cartilage fusion: future studies should focus on this Risser + sign to check its repeatability and validity. The evolution of knowledge in Medicine relies mainly on the research developments carried out by single groups, but the introduction of new statistical techniques allow today to perform so-called meta-studies: specifically, meta-analysis, permit to reach higher level of evidence joining little studies in bigger ones. In this evolution, respecting strict definitions and inclusion criteria, internationally acceptable, is very important to allow proper meta-studies to be performed. This is the reason for the reference scheme reported in the recommendation and proposed to all researchers.
Other key outcomes (Quality of Life, adherence to treatment) 11. We recommend that standardised and validated questionnaires are used to report Quality of Life results (B2)
The literature on Quality of Life during scoliosis treatments is continuously increasing, as well as the questionnaires to measure it. The gold standard in surgical approaches is the SRS-22 [47, 48] , although there are doubts of the usefulness in non-operative care [49] . Other questionnaires have been developed and maybe useful in this specific setting if and when validated [50] [51] [52] [53] .
12. We recommend in clinical research to include data on adherence to treatment: statistical analysis should include these data. Prospective bracing studies must use objective means to monitor adherence. Exercises studies must report data on adherence to number and length of assisted sessions, and home-exercise (B2)
Adherence to treatment should be distinguished from compliance [54] :"Adherence" is the result of the active choice of the patient to comply with the prescribed treatment which is necessary for brace treatment, while "compliance" is a passive behaviour. In non-operative treatment there is the need to look at adherence, since deciding to use a brace and or to perform exercises regularly is a choice to be made every day by the patient. Adherence also underlines the need (stressed in the literature) to help the patient in active participation in the treatment. In clinical research, adherence must be strictly monitored to better describe the treatment performed. A good adherence is not only a matter of feasibility of the non-operative treatment, but it is also a quality check of the entire approach. While for bracing there are now some monitors for adherence [55] [56] [57] [58] [59] [60] , in case of exercises, diaries are the only means at this point in time.
Standardization of methods of non-operative research 13. In the introduction of a new non-operative treatment for patients during growth, for the radiographic outcome we recommend that the following research steps are followed: (B2) One of the problems with assessing the effectiveness of non-operative treatment is the long duration in time in treatment. If the prevailing idea is to publish only final results, then research can be only rare and very sparse, thereby reducing the possibility of knowledge and improvement of treatments. On the other hand, it is not possible to consider as really relevant any research made only on the immediate in-brace results (even if inbrace results can have some predictive validity, still to be well explored) [61] [62] [63] . Even less reliable are very short term results immediately after a session, or a period of exercises, or other non-operative treatments (like manual treatments), that can change posture for a while, but without possibility to maintain this change in time like bracing [64, 65] : in these cases what is researched is a training [66] , and only stable results at least in the short term (12 months) can have some reliability. For this reason, knowing the timing of the results obtained is of high relevance, and very short term results are considered only for bracing.
14. We recommend in research on non-operative treatment this Level of Evidence is usually required by many spine journals: it was decided to adopt the table most used in the scientific literature.
15. In the introduction of a new brace, we recommend to focus research on the following SRS inclusion criteria [13] : above 10 years of age, Risser 0-2, curves 25-40°Cobb. (D2)
During the Consensus it was decided to exclude the 1-year post-menarche limit for the inclusion criteria for bracing studies, since it was found poorly reliable by some studies presented during SOSORT Meetings [67] .
16. In presenting research results on bracing, we recommend to answer to the questionnaire in Appendix of the SOSORT Guidelines for Management of braced patients [14] to understand how team managed patients. (B3)
Adherence to treatment is recognised for a long time as a key factor of bracing: nevertheless, results published using sensors are really different among the research groups [55] [56] [57] [58] [59] [60] . It has been shown that the management of patients is crucial for adherence to treatment [8, 68] . While searching for Consensus on bracing, SOSORT was not able to find one, neither on the type of brace, nor on the brace's biomechanical actions [5] , although it was possible to agree on the management of patients [8] . The SOSORT criteria for Management of braced patients offer an understanding of how patients were managed, and in the Appendix a questionnaire is given, whose usage would allow researchers to better paint their clinical approach, and readers to really understand the results obtained. 
